pulmonary disease (COPD) were included to the study. All cases were diagnosed and managed in the emergency services of the hospitals. The exclusion criteria were as follows: (a) presence of iatrogenic, traumatic pneumothorax or secondary SP other than COPD; (b) referrals from others hospitals located outside the area of the study. There were 669 episodes of SP: 582 cases of primary SP and 87 cases of SP associated with COPD. The patients were 612 males and 57 females, and the mean age was 34.0 ± 15.5 years, with extremes of 14 and 79 years.
Pneumothorax was diagnosed based on the chest radiography findings. In the study of Scott et al. (1989) instead of time of admission the onset of symptoms was considered as the index day, however like in our study, Bense (1984) considered the time of admission for the index day. Because of the retrospective character of the patient history study, the day that SP developed was not considered to be reliable enough to define. Therefore we decided to compare the measured meteorological values of the two consecutive days prior to admission as well as the actual day of admission. As previously reported, a cluster of pneumothorax cases was defined as the admission of at least two patients with pneumothorax within 3 days of each other (Smit et al. 1997; Boulay et al. 1998; Alifano et al. 2007 ). The study was approved by the institutional committee of Ankara Yıldırım Beyazıt Training and Research Hospital.
Meteorological Data Collection
The meteorological data were obtained from Turkish State Meteorological Services. The data obtained from the local meteorological institute is located at the same area as the participating hospitals, within a 48-km-wide area and all patients lived within 48 km of the city. Analysis of the topography showed within this area the ground elevations above see level did not vary. The AP (mbar) was thus taken to be the same for all patients in the study. Climatic variable measurements of years 1996 to 2006 were provided. The mean, maximum and minimum temperature (°C), mean, maximum and minimum AP (mbar), and rainfall (mm) were included for each study day. Calculations were made to assess differences in the values of rainfall, AP, and temperature between each study day (D) and the day before (D-1) and two days before (D-2). Wider AP and temperature varia- 
Statistical analysis
Statistical analysis was performed using Statistical Package for Social Sciences (SPSS) 11.5 software (SPSS Inc., Chicago, IL, United States). Whether the continuous data were normally distributed or not was determined by using Shapiro Wilk test. Continuous variables were expressed as mean ± standard deviation. The differences between days with pneumothorax and days without pneumothorax for the values of rainfall, AP, and temperature were evaluated by Mann Whitney U test. A p value less than 0.05 was considered statistically significant.
RESULTS

Occurrence of SP in Clusters
Among 669 episodes of SP, 472 (70.5%, 95% CI: 67.1-74.0) occurred in 188 clusters (Fig. 1) . The mean number of pneumothorax episodes per cluster was 2.5 ± 0.8 (min: 2, max: 7).
Rainfall
The total rainfall values on D, D-1 and D-2 for pneumothorax days were significantly higher than the total rainfall values on the non-pneumothorax days ( p < 0.001, p < 0.001, and p < 0.001, respectively) (Table1).
Atmospheric Pressure
The AP values on D-1 and D-2 for pneumothorax days were significantly lower than the AP values on the nonpneumothorax days ( p = 0.002 and p < 0.001). The maximum AP values on D-1 and D-2 for the pneumothorax days were significantly lower than the AP values on the nonpneumothorax days ( p = 0.002 and p < 0.001). Similarly, the minimum AP values on D-1 and D-2 for the pneumothorax days were significantly lower than the AP values on the non-pneumothorax days ( p = 0.006 and p <0.001).
The rates of change in the minimum AP on D-1 and D-2 and in the maximum AP on D for the pneumothorax days were significantly higher than those for the non-pneumothorax days ( p = 0.004 and p = 0.009). The rates of change in the maximum AP on D-1 and D-2 and in the minimum AP on D for the pneumothorax days were significantly lower than those for the non-pneumothorax days ( p = 0.006 and p = 0.012) ( Table 2) .
Temperature
The maximum temperature on D for the days without pneumothorax episodes was higher than that on the pneumothorax days ( p = 0.039). The difference between the maximum and minimum temperatures on D for the nonpneumothorax days was significantly higher than that for the pneumothorax days ( p < 0.001). The difference between the temperature on D-2 and the temperature on D for the non-pneumothorax days was significantly higher than that for the pneumothorax days. The rates of change in the minimum temperature on D-1 and in the maximum temperature on D for the non-pneumothorax days were significantly higher than those for the pneumothorax days ( p = 0.005). The rates of change in the maximum temperatures on D-1 and D-2 and in the minimum temperature on D for the pneumothorax days were significantly lower than those for the non-pneumothorax days ( p = 0.040 and p < 0.001) ( Table 3) . Fig. 1 also illustrates trends in the mean AP, mean temperature, and total rainfall throughout the study.
DISCUSSION
In the fifth century B.C., Hippocrates suggested that weather changes might play a role in the deterioration of physical health (Danielides et al. 2002) . Climatic characteristics, such as rain, AP, thunderstorms, temperature, weather phases, and wind speed have been repeatedly implicated in the pathogenesis of many diseases. Such associations have been suggested for acute gouty arthritis, rheumatoid arthritis, SLE, Behçet's disease, Bell's palsy, sudden hearing loss, myocardial infarction and coronary deaths, abdominal aortic aneurysm ruptures, asthma, some of which showed a significant relationship (Celenza et al. 1966; Danet et al. 1999; Danielides et al. 2002; Kurtoglu et al. 2004) . Similarly, this relationship has been investigated for SP, and different theories have evolved to explain the pathogenesis of this disorder.
This study estimated the impact of meteorological events on occurrence of SP in Ankara. When compared to most previous studies, it consists of the largest number of cases for the longest period. The study included a variety of meteorological parameters similar to those in some previous reports.
Our study shows that SP occurs in clusters, confirming other series (Smit et al. 1997; Boulay et al. 1998 ; Smit et al. 1999; Bulajich et al. 2005; Alifano et al. 2007 ). Alifano et al. (2007) reported that 84% of SP was admitted in clusters, and this value was 73% in other report (Smit et al. 1999) . We used the same definition for an appropriate comparison and found that 70.5% of the patients applied in clusters. In each cluster, the mean number of pneumothorax episodes was 2.5 ± 0.8 (min: 2-max: 7). Boulay et al. (1998) and Alifano et al. (2007) reported these values as 2.7 and 3.2 respectively, which are similar to those found in our study.
The incidence of SP had no seasonal or monthly correlation in our study. Similarly no seasonal or monthly predominance of clusters could be identified in some studies (Smit et al. 1999; Bulajich et al. 2005; Alifano et al. 2007 ). However, one study has demonstrated slight spring preponderance and a significant increase in the rate of SP in May, and another one in summer and in July (Suarez-Varel et al. 2000; Ayed et al. 2006) . Ozenne et al. (1984) demonstrated two peaks of frequency, one in summer and the other one in winter, and a significant correlation with low humidity. Thus, the authors suggested that bronchoconstriction induced by moistening of air in the airways might play a role in the pathophysiology of pneumothorax. Besides other meteorological conditions, the consequences of AP on respiratory disease have been studied frequently besides other meteorological conditions (Schmerber and Manderlier 1979; Bense 1984; Ozenne et al. 1984; Celenza et al. 1996; Smit et al. 1999; Suarez-Varel et al. 2000; Bulajich et al. 2005; Alifano et al. 2007 ). Alifano et al. (2007) found no correlations between pneumothorax and variations in AP fall SP. However, there was significant correlation with wider differences in AP mean between the index day and (D-1) 18.9 ± 10.10 17.6 ± 9.62 0.125 Tmax (D-2) 18.6 ± 10.33 17.8 ± 9.69 0.266 Tmin D 7.6 ± 7.91 6.9 ± 7.60 0.282 Tmin (D-1) 7.6 ± 8.10 7.0 ± 7.36 0.300 Tmin (D-2) 7.0 ± 8. the previous day, and between the AP minimum and the AP maximum on the previous day. Occurrence of clusters during or immediately following drops in AP specifically occurred (Alifano et al. 2007 ). Bense (1984) found that a fall in AP of at least 10 millibars within 24 hours was followed by a significant increase in the number of hospital admissions 48 hours later. In contrast, some authors found no correlations between AP variations and occurrence of SP (Schmerber and Manderlier 1979; Smit et al. 1999; SuarezVarel et al. 2000; Bulajich et al. 2005) . A comparison between these studies is difficult because of different study designs, study populations, different climatic conditions of countries, and small number of patients. In our experience, clusters of SP episodes were associated with falls in AP mean, AP maximum, and AP minimum in one and two days before the index day. In addition, there is a significant association between wider differences in AP minimum of the one and two days before the index day and AP maximum of the index day. Similarly, there was a significant association between AP maximum of the one and two days before the index day and AP minimum of the index day. The exact mechanism by which a fall in AP may cause SP remains unknown. A suggested mechanism states that when the air inside the blebs or bullae is trapped due to bronchospasm, a rapid equilibration of the pressure gradient with the surrounding atmosphere could not be achieved (Smit et al. 1999; Alifano et al. 2007 ). Another suggested mechanism was like the mechanism in asthma, where there may be a relation between inflammation and weather conditions; thus, a check valve mechanism may result in SP (Smit et al. 1997) . Similarly our study suggests that transpulmonary pressure gradient due to falls in AP may be enough to cause pneumothorax in some patients. In the literature, the changes in pressure have been shown to cause pneumothorax in divers and flying personnel (Dermksian and Lamb 1959; Raymond 1995) . Besides these important changes in pressure, small variations, such as loud music is also reported to cause SP (Noppen et al. 2004 ).
In our study, we found a significant correlation between days with SP and rain. Total rainfall was significantly high on the index day and one and two days before the index day. Alifano et al. (2007) found a significant association between pneumothorax and days on which storms occurred. They defined the storm as a heavy rainfall along with thunder and lightening. Smit et al. (1999) found similar results and speculated that various other factors such as changes in humidity, pollen concentration, air pollution, electrostatic power, as well as physical stress, were associated with storms. Our meteorological data did not include such parameters thus; their associations with SP occurrence could not be studied. With regard to asthma, recent studies suggest that mist and fog (i.e. air borne water droplets) may be a stimulus for bronchoconstriction, which has been also suggested to play a role in the occurrence of SP (Ozenne et al. 1984; Bulajich et al. 2005) .
Most studies analyzing the AP changes also considered temperature changes. Some authors found no relation between SP and variations in atmospheric temperature (Ozenne et al. 1984; Bulajich et al. 2005; Alifano et al. 2007 ). However Smit et al. (1999) found a small but a significant temperature increase on the day before the onset of pneumothorax, whereas a small drop in temperature was found on non-pneumothorax days. In our study, similarly, a significant association could be identified between temperature and occurrence of SP, but contrary to the findings by Smit et al. (1999) , a small drop in maximum temperature was determined on the index day. The discrepancies between the two studies may be due to the difference in the number of cases. We believe that this temperature fall on the index day is a cofactor for SP occurrence and should be studied in the future.
The main limitation of this study was the lack of detail on the clinical histories (smoking history) and conditions of the patients. This prevented us from confirming the diagnosis. Therefore we decided to compare the measured meteorological values of the two consecutive days prior to admission as well as the actual day of admission. Some previous studies included more consecutive days prior to admission but investigated relatively a very few number of patients comparing to our study. Although we examined 2 consecutive days, this study contained the largest study population in the literature. Furthermore, several meteorological parameters were assessed (variations of mean and maximal values of rainfall, temperature, and AP between the index day and the previous 3 days).
As a conclusion this study containing the largest series of the literature shows that SP occurs in clusters and demonstrates a significant relationship between rainfall, temperature, and fall in AP. We suggest that these changes might play a role in the pathophysiology of SP. Other studies in different countries based on similar designs should be developed to further confirm and detail the influences of climatic changes on SP occurrence.
